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INTRODUCTION
In 1924 Messrs. Marder and Macorra investigated the effect
of machined surface on tensile test specimen, in their thesis for the
B.S. degree. They investigated only on the four kinds of carbon
steels namely, thirty point, fifty point, seventy point and ninety
point. They used four different kinds of surfaces namely, rough
turned, smooth turned, filed and polished, and ground. Their results
were interesting. Their conclusions were:
"The effect of the surface of the standard tensile test
piece upon its tensile strength is not enough to consider and is not
consistent so that it may be said that the surface has no effect upon
the tensile strength.
The surface has little or no effect upon the value of the
elastic limit.
The ground surface is not a good physical surface as regards
strength and cannot be depended upon to give uniform results.
The surface has a definite effect upon the elongation and
reduction of area. The elongation and reduction are larger when the
surface is smoother.
The effect of the surface upon the elongation and reduction
is greater in the higher carbon steels.
As the quality of the surface increases and as the per cent
carbon decreases, the fracture is more of the cup and cone type."
In view of these results in this thesis, I propose to
investigate the effect of various surfaces on the tensile strength,
yield point, per cent elongation and reduction of area of the
standard tensile test specimen, of two alloy steels, with two
commercial heat treatments, after the machining operation.
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PREPARATION OF THE SPIIENS
The choice of alloy steels was limited to only two
commonly used alloy steels. One, the MACCO nickel steel, the
S.A.E. number of which i 2340. The other, the Vulcan-Hecla
Chrome-Vanadium S.A.E. number, 6150.
The choice of surfaces was chosen so as to obtain
maximum possible difference in results. These surfaces were
rough turned, smooth turned and filed and polished surface. I
did not use the ground surface as it was hard to prepare, and I
did not think there would be much difference between the filed
and polished surface and the ground surface. The specimene were
made according to the A.S.T.M. Specifications.
The different surfaces were obtained in the following
ways:
The rough turned surface was turned on an engine lathe
by rather a dull tool with a very coarse feed. By this way the
tool, instead of cutting the metal, tore it up and produced a
rough surface. This surface will be called the "rough surface"
hereafter.
The smooth turned surface was turned on an engine lathe
by using a sharp tool and a very fine feed. By this method the
tool cuts the metal and gives a smooth surface. This surface will
be called "smooth surface" hereafter.
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The polish surface was obtained first, by turning the
specimen smooth on an engine lathe and then, it was filed, and
polished by emery cloth on a speed lathe. This surface will be
called "polish surface" hereafter.
The photographs on the following pages show these
surfaces enlarged about four times.
The following heat treatments were given the specimens.
The nickel steel was heated in an automatically controlled,
electric furnace to 1575* P., kept there for more than an hour
and then quenched in oil. The chrome vanadium steel was heated
to 16000 F. in the same furnace, held there for more than an hour
and quenched in oil. Then half of the 2340 and 6150 specimens
were drawn at 1000* F. and the other half were drawn at 12000 F.
in the same furnace and cooled in the air.
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The rough surface
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. The smooth surface
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In order to obtain a fair average three specimens of each
surfaces, of each heat treatment, of each steel, were tested. This
makes eighteen specimens of each steel or thirty--six specimens tested
in all.
The specimens were tested according to the A.S.T.M.
Specifications. The machine used for the tensile tests was the
100,000 lbs. Riehle standard type machine. The yield point was
recorded at the drop of the beam, then the breaking load was applied,
and the maximum breaking load was recorded. This gave the ultimate
tensile strength.
There was no attempt made to record the load elongation
curve as, it was thought, no useful information would result.
Before the specimens were heat treated, the gage length
of 20 was marked on them by the use of chalk, dividers, and center
punch. After the specimen was broken it was put together and the
elongation and the reduced diameter were measured. The diameter of
the specimen was measured before it was tested. From these two data
the per cent elongation and per cent reduction of area were calculated.
In calculating the per cent reduction of area, use was
made of the nomographic chart given in "Materials Testing" by
Cowdrey and Adams.
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METHD OF PROCEDURE
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DATA OBTAINED AS A RESULT OF THE TESTS
Nickel Steel. S.A.E. 2340
Quenched in Oil at 15750?. and drawn at 10000F.
Gage length 2".
Specimen Diameter Yield
Inches Point,
Pounds
Rough
Surface
Smooth
Surface
Polish
Surface
0.500
0.500
0.496
0.503
0.500
0.504
0.503
0.500
0.505
21,000
20,620
21,000
20,550
20,550
21,250
20,650
20,050
20,100
Max.
Load,
Pounds
22,840
22,850
22,650
22,550
22,800
23,450
23,000
23,050
22,450
Elongation
Inches
0.41
0.42
0.41
0.40
0.44
0.45
0.43
0.42
0.44
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Reduced
Diameter
Inches
0.266
0.263
0.267
0.268
0.266
0.266
0.270
0.267
0.268
Nickel Steel. S.A.E. 2340
Quenched in oil at 15750F. and drawn at 12000F.
Gage length 2*.
Specimen Diameter Yield
Inches Point,
Pounds
Rough
Surface
Smooth
Surface
Polish
Surface
0.500
0.502
0.501
0.504
0.504
0.503
0.503
0.502
0.503
16,320
16,680
17,290
16,620
16,970
17,250
16,300
17,330
Max.
Load,
Pounds
18,700
18,980
19,390
19,320
19,230
19,300
19,520
19,460
Elongation
Inches
0.54
0.59
0.54
0.54
0.52
0.55
0.54
0.54
17,220 19,320 0.55
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Reduced
Diameter
Inches
0.245
0.239
0.248
0.249
0.247
0.248
0.248
0.248
0.248
Chrane-Vanadium Steel. S.A.E. 6150
Quenched in oil at 1600*F. and drawn at 10000F.
Gage length 2".
Specimen Diameter Yield
Inches Point,
Pounds
Rough
Surface
Smooth
Sur face
Polish
Surface
0.502
0.498
0.503
0.501
0.502
0.502
0.503
0.501
0.503
32,900
32,700
34,000
33,800
34,000
33,500
33,900
34,500
34,600
Max.
Load,
Pounds
34,100
33,700
35,550
35,070
35,140
34,700
34,900
35,650
36,200
Elongation
Inches
0.24
0.26
0.26
0.27
0.26
0.28
0.28
0.27
0.28
- 12 -
Reduced
Diameter
Inches
0.358
0.345
0.356
0.359
0.354
0.356
0.353
0.355
-0.359
Chrome-Yanadium Steel. S.A.E. 6150
Quenched in oil at 16000F. and drawn at 120001.
Gage b ngth 2".
Specimen Diameter Yield
Inches Point,
Pounds
Rough
Surface
Smooth
Surface
Polish
Surface
0.502
0.499
0.501
0.501
0.502
0.501
0.503
0.503
0.503
25,140
23,710
23,900
24,700
24,890
23,950
23,850
24,120
23,990
Max.
Load,
Pounds
25,270
24,980
24,630
25,510
26,200
24,840
24,940
24,390
24,620
Elongation
Inches,
0.40
0.43
0.43
0.38
0.39
0.40
0.42
0.44
0.43
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Reduced
Diameter
Inches
0.305
0.302
0.302
0.316
0.313
0.307
0.310
0.301
0.310
ALIATED RESULTS IN TABUIAR FORM
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Nickel Steel. S.A.E. 2340
Quenched in oil at 15750F. and drawn at 10000F.
Gage length 2*.
Specimen
Rough
Surface
Smooth
Surface
Polish
Surface
Rough
Smooth
Polish
Tensil
Strength
lbs. per
sq. inch
116,500
116,500
117,300
113,500
116,000
117,500
115,600
117,500
112,300
116,767
115,667
115,133
Yield
Point
lbs. per
sq. inch
107,000
105,000
108,800
103,400
104,800
106,500
104,000
102,000
100,500
AVERAGES
106,933
104,900
102,167
Per cent
Elongation
20.5
21.0
20.5
20.0
22.0
22.5
21.5
21.0
22.0
20.7
21.5
21.5
Per cent
Reduction
of Area
72.0
72.3
71.5
71.6
72*0
72.3
71.0
71.5
72.0
71.9
72.0
71.5
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Nickel Steel. S.A.r. 2340
Quenched in oil at 15750T. and drawn at 12000F.
Gage length 2".
Specimen
Rough
Surface
Smooth
Surface
Polish
Surface
Rough
Smooth
Polish
Tensil
Strength
lbs. per
sq. inch
95,300
96,000
98,500
97,000
96,400
97,000
98,200
98,400
97,300
96,600
96,800
97,967
Yield
Point
lbs. per
sq. inch
83,200
84,400
87,800
83,300
85,000
86,700
82,000
87,500'
86,600
AVERAGES
85,133
85,000
85,367
Per cent
Elongation
27.0
29.0
27.0
27*0
26.0
27 *-S
27*0
270
27.5
27.7
26.8
27.2
Per cent
Reduction
of Area
76.0
77.5
75,7
75,8
76.0
7509
75'.9
75.7
7509
76.4
75.9
75.8
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Chrome-Vanadium Steel. S.A.E. 6150
Quenched in oil at 16000?. and drawn at 100010r.
Gage length 2".
Per cent
Elongation
12.0
13*0
13*0
13*5
13*0
14.0
14.0
13*5
14;0
Specimen
Rough
Surface
Smooth
Surface
Polish
Surface
Per cent
Reduction
of Area
49.90
52.0
49.5
49.0
50.0
49.5
50.5
50.0
49*5
Tensil
Strength
lbs. per
sq. inch
172,100
173,000
179,000
178,000
177,500
175,400
175,500
181,000
182,000
Yield
Point
lbs. per
sq. inch
166,200
168,000
171,000
171,500
172,000
169,300
170,500
175,000
174,000
AVERAGES
168,400
170,933
173,167
Rough
Smooth
Polish
50.2
49.5
50.0
174,700
176,967
179,500
12.7
13.5
13*8
- 16 -
chrome-Vanadium Steel. S.A.E. 6150
Quenched in oil at 16000F. and drawn at 1200F.
Gage length 2".
Per cent
Elongation
Specimen
Rough
Surface
smooth
Surface
Polish
Surface
21.0
19.5
21.5
Per cent
Reduction
of Area
Tonsil
Strength
lbs. per
sq. inch
127,900
127,800
125,200
129,300
132,500.
126,200
125,800
122,900
124,000
63.2
61.0
62.7
Yield
Point
lbs. per
sq. inch
127,000
121,200
121,300
125,400
126,200
121,500
120,000
121,200
120,800
Rough
Smooth
Polish
63.0
63.0
63.5
60.0
60.6
6205
62.0
64.0
62.0
126,967
129,333
124,233
20.0
21.5
21.5
19.0
19.5
20.0
21.0
22.0
21.5
AVERAGES
123,167
124,367
120,670
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The following plots are plotted from the average values
of calculated results.
The following signs are used for abbreviation.
(A) --- Nickel Steel. Quenched at 157507. drawn at 10000F.
(B) --- Nickel Steel. Quenched at 1575*7. drawn at 12000F.
(C) --- Chrome-Vanadium. Quenched at 16000F. drawn at 10000F.
(D) --- Chrome-Vanadium. Quenched at 16000F. drawn at 1200*F.
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Plot No. 1
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Plot No. 2
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Plot No. 3
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Plot No. 4
DISCUSSION OF THE RESULTS
The results of these tests are sufficiently dependable to
draw conclusions.
Before these tests were undertaken, it was thought that the
effect of different machined surfaces on the tensile strength of the
alloy steels will be considerable after the heat treatment, especially
in the process of quenching, due to the introduction of surface
cracks in the rougher surfaces.
This expectation is quite disproved from the results
obtained in these tests.
Now we will consider each steel separately.
Nickel Steel.
When this steel was drawn at 10000F. the tensile strength
increased slightly, with the roughness of the surface. The rough
surface has about 1.4% higher tensile strength than the polish
surface. However, when this steel was drawn at 1200*0. the tensile
strength decreased slightly, with the roughness of the surface.
The rough surface has about 1.4% less tensile strength than the
polish surface. These are the differences in the average values,
but the true values are not consistent. In steel A we find the
highest tensile strength value of about 117,500 lbs. in all the
three surfaces, and the highest value of about 98,000 lbs. in the
other one. This shows that even though the averages are slightly
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increasing in one case and decreasing in the other, we can safely
say the different surfaces do not have any appreciable effect on
the tensile strength of the nickel steel of this particular compo-
sition.
The effect of the different surfaces is- about the same
on the yield point of this steel as the yield point follows very
closely the tensile strength.
The effect of these surfaces on the elongation of this
steel is not consistent; in steel A, the elongation has decreased
slightly in case of the rough surface, while in steel B, the
smooth surface has the lowest elongation and the rough surface
has the highest. However, the difference is not very much, and
we are justified in saying that the surfaces have very little effect
on the elongation of the nickel steel.
The per cent reduction of cross section of this steel
varies very little with the different surfaces. The variation
is not even 1% in either A or B steel.
Chrome-Vanadium Steel
When this steel was drawn at 1000*F. the tensile strength
went down about 2% from the polish to the rough surface, and went
up a little more than 2% when drawn at 12000?. These two effects
are just the opposite of those obtained for nickel steel. In
nickel steel the tensile strength went up when drawn at 10000?. and
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down when drawn at 12000?. But these two effects are very small,
and just as in nickel steel, the results are not consistent.
However, they are within experimental error, therefore, we can
safely say, the surfaces do not have any appreciable effect on
the tensile strength of this steel after the heat treatment.
The effect of the surfaces on the yield point is very
similar to that of the tensile strength. This can be seen from
plot 1 and 2.
The effect of these surfaces on the per cent elongation
of this steel is very similar to that of the nickel steel. There
is one interesting thing we see f rom plot 3. The curves for
steels A and C are similar to each other, while curves for B and D
are similar to each other. The steels A and C had the same
drawing temperature of 10000F., while steels B and D had the same
drawing temperature of 1200*F. In A and C, the per cent elongation
is getting less towards the rough surface, whereas in B and D, the
smooth surface has the lowest per cent elongation. -From this, it
seems to me, the drawing temperature has quite an effect on the
per cent elongation of the different surfaces. However the greatest
variation in per cent elongation is not more than 5% (in D), and
in C the greatest difference is about 8%. These two variations
are not in the same direction, therefore we can not say definitely
just what effect the surfaces have. It sems to me, the drawing
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temperature has some effect. For the lack of enough data we can
not say in which way it affects.
From plot 4 we see that in C and D the smooth surfacs
has the least per cent reduction, and the rough surface has the
greatest per cent reduction. However, the variation is very
slight, a little over 2% in D and less than 1% in C. Therefore
we can say that the surfaces have no effect on the per cent
reduction of the cross section.
There was absolutely no difference in the appearance
of the fractures of the specimens of either steels due to
difference in surfaces.
The nickel steel gave almost perfect cup and cone
fracture throughout the tests with very good contraction.
The chrome-vanadium gave a rosette fracture for all
surfaces without any apparent change. There was not much of a
contraction.
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CONCLUSIONS AND IlARKS
From all this discussion, we see that the different
surfaces have no appreciable effect on the tensile strength, yield
point, per cent elongation and per cent reduction of either of
these two steels, after heat treatment.
The conclusion as regards the effect on tensile strength
and yield point coincides with the previous thesis conclusion.
But in that thesis, they found that the different surfaces have an
appreciable effect on the per cent elongation and per cent
reduction of cross section of the pure carbon steels, without any
heat treatment, while I find very little effect of the different
surfaces on these properties of the nickel and chrome-vanadium
steel, after heat treatment.
From this it looks to me that the surfaces have different
effects on different steels. However, there is one other variable
between the last thesis experiments, and this is the heat treatment
given to the steels in this thesis work. The two steels used in
this thesis work are almost never used without heat treatment and,
consequently, it was quite proper to heat treat the specimens.
In the previous thesis, they had a marked difference in
the fracture of the different surfaces of the carbon steels. I
think this lack of difference, in my results, can be very well
traced to the heat treatment these steels received.
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At first the quenching was expected to have some effect
in varying the physical properties, according to different surfaces,
but, I think, the drawing temperature has a great deal to do with
the variation of physical properties, especially as seen in the
case of per cent elongation. I suggest that some experimental work
be done along this line.
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